ABSTRACT PURPOSE OF REVIEW:This article describes the clinical presentation, diagnostic approach (including the use of novel diagnostic platforms), and treatment of select infectious and noninfectious etiologies of chronic meningitis.
INTRODUCTION
M eningitis involves inflammation of any of the three layers of the meninges and is often described according to the clinical time course. Chronic meningitis is differentiated clinically from acute and subacute meningitis by an arbitrary time point of more than 4 weeks of clinical symptoms with evidence of a CSF pleocytosis. 1 The underlying causes of acute and chronic meningitis differ, with community-acquired bacteria and viruses more common in acute meningitis and atypical bacteria, endemic fungi, and noninfectious etiologies more common in chronic meningitis. Establishing a cause of chronic meningitis and providing timely targeted treatment are major challenges for clinicians as many identified infectious agents are rare, and noninfectious etiologies, including medications, neuroinflammatory conditions, toxins, and malignancy, mimic infectious etiologies. The list of possible diagnoses, particularly in high-risk patients, including those who are immunocompromised, is expansive, with the three most common etiologies of chronic meningitis being fungal infections, tuberculosis, and neoplasm.
The complexity of diagnosing cases is illustrated by a report summarizing the diagnostic testing of 37 patients with chronic idiopathic meningitis evaluated at the Mayo Clinic. Despite over 2000 tests ordered on the CSF of these patients, a diagnosis was made in less than half of patients. 2 In general, over one-third of cases remain undiagnosed by traditional diagnostic testing approaches. 3 The development of novel noninvasive diagnostic techniques, including multiplex polymerase chain reaction (PCR); 16s, 18s, and 28s ribosomal RNA (rRNA) PCR; and metagenomic deep sequencing, allowing for broad pathogen testing, is an exciting scientific frontier. 4, 5 The latter two are more "unbiased" techniques that may hold particular promise in complex chronic meningitis cases in which the differential diagnosis is broad.
This article proposes an approach to evaluating patients with chronic meningitis, discusses novel diagnostic platforms, highlights several infectious and noninfectious etiologies, and discusses conditions that are of particular relevance to patients with recurrent meningitis.
CLINICAL APPROACH
The first step in the approach to patients with chronic meningitis is to establish the time course of the illness. Defining the date of onset often proves to be challenging, as patients may have trouble clarifying the onset of vague symptoms that occurred weeks before a more fulminant symptomatic presentation. 1 Patients and physicians often attribute initial neurologic symptoms to chronic conditions such as migraine, although the astute clinician will elicit differences in the phenomenology of symptoms. A thorough historical account of neurologic symptoms and a review of systems must be performed in all patients. It is essential that clinicians attempt to develop a thorough timeline of the progression of symptoms as patterns can be particularly significant (refer to the Recurrent Meningitis section). Diagnostic clues may be identified on social history, including risk factors for sexually transmitted diseases. The immune status and immunization history of all patients should be evaluated through both history and laboratory testing. A careful review of all recent medications is required as several medication categories (eg, IV immunoglobulin [IVIg] , nonsteroidal anti-inflammatory medications) can lead to chronic meningitis (refer to the Chemical Etiologies section). A thorough epidemiologic history should be obtained, including travel history, vocational history, and hobbies. Possible nosocomial exposures in health care workers or exposures in prison workers should be evaluated. Exposure to animals, toxins, or sick contacts and the possible consumption of raw or poorly cooked food are essential historical features. The presence of systemic symptoms or signs, including skin rash, joint pains, or mouth/genital ulcers, may provide diagnostic clues (TABLE 3-1 central nervous system (CNS) manifestations; and infectious disease colleagues, especially those with expertise in transplant medicine and tropical diseases, can assist with the evaluation and often provide access to advanced serologic testing through the local health department or the Centers for Diseases Control and Prevention (CDC). Public health experts are important resources as they can provide information on emerging infections, diagnostic testing approaches, and the availability of specialized diagnostic studies at local and national public health laboratories. The authors recommend that multidisciplinary evaluations occur early in the clinical workup.
Traditional Diagnostic Testing Diagnostic testing should be guided by a thorough history, including assessment of epidemiologic factors and physical examination findings. Typically, an exhaustive list of possible serologic and CSF studies is developed and neuroimaging is obtained. 7 Rather than sending a comprehensive list of diagnostic tests for all etiologies of chronic meningitis, the authors suggest that clinicians take into account several factors when testing for possible etiologies, including whether the patient is immunocompromised; has a history of suspected or known neuroinflammatory condition or malignancy, or systemic features; whether the patient has traveled to or lived in a foreign country with possible infectious exposures; and neuroimaging characteristics (FIGURE 3- 1 8 ).
Neuroimaging features, in particular the pattern of meningeal enhancement (ie, pachymeningeal, leptomeningeal, basal meningeal) can be helpful in narrowing the differential diagnosis (FIGURE 3-2, TABLE 3-2, TABLE 3-3) . 9 This approach must weigh the clinical picture of the patient, as patients who are critically ill should obtain an expedited broader workup. Patients often require multiple lumbar punctures (LPs), and the authors recommend that three samples of at least 10 mL of CSF be sent at different time points for diagnostic testing for specific etiologies, including tuberculous meningitis, fungi, and neoplasm (especially lymphoma). Centrifugation of CSF samples and lengthening the time of microscopic examination increase the diagnostic yield of certain infectious organisms, particularly fungal and mycobacterial pathogens. 10, 11 The basic CSF findings in chronic meningitis are variable based on etiology; they may also vary depending on the timing of CSF analysis with respect to symptom onset. For example, early in tuberculous meningitis and certain fungal infections, the CSF may have a neutrophilic pleocytosis that transitions later to a lymphocytic pleocytosis. 12 Low CSF to serum glucose and elevated opening pressure are suggestive of infection with atypical bacteria or fungal infections but also may be seen in subarachnoid neurocysticercosis, neurosarcoidosis, and carcinomatous meningitis. 7 Meningeal and/or brain biopsy may be valuable, especially in cases in which areas of enhancement are identified on postcontrast MRI. In one case series involving 37 patients with chronic meningitis of unknown etiology, a definitive diagnosis was made in 39% of patients, with a diagnostic etiology identified in 80% of cases with enhancement versus 9% in those with no evidence of enhancement. 13 Novel Diagnostic Testing Approaches Given the limitations of traditional diagnostic testing approaches and the often-dire consequences of an undiagnosed infection, recent diagnostic developments are an exciting frontier for patients with chronic infectious KEY POINT
• Diagnostic testing should be guided by a thorough history, including assessment of epidemiologic factors and physical examination findings. Often, several serologic, CSF, and neuroimaging studies are indicated.
meningitis. The 16s rRNA gene is a highly conserved region in bacteria, whereas the 18s and 28s rRNA genes are highly conserved in fungi. As a result, PCR with primers to these microbial genes makes it possible to identify a variety of bacterial and fungal species. In culture-proven cases of meningitis, 16s rRNA PCR was 94% sensitive and specific. Importantly, it was positive in 30% of culture-negative cases.
14 In another study, 16s and 18s rRNA PCRs were 65% sensitive compared to 35% sensitivity with microscopy and culture. The main reason for discordance was pretreatment with antibiotics before LP, leading to diminished culture results. 15 In addition to a growing number of case reports, a recent case series of seven patients with chronic meningitis documented the ability of CSF metagenomic deep sequencing to identify a variety of viral, parasitic, and fungal causes of chronic meningitis. [16] [17] [18] [19] [20] [21] [22] Metagenomic deep sequencing is a fundamentally different diagnostic modality given that it interrogates all the nucleic acid present in a tissue sample rather than querying the sample with a set of probes that are specific for an organism on the treating physician's differential diagnosis. Once the nonhuman sequences are computationally culled from the larger data set, these nonhuman DNA or RNA sequences are searched against giant, publicly available databases to determine the identity of the nonhuman species present in the tissue sample. Hence, metagenomic deep sequencing is an agnostic, or hypothesis-free, approach that does not require a priori consideration of a particular organism for it to be identified in the resulting genomic data set. While larger prospective studies are needed to determine the clinical utility and performance of this new diagnostic modality (which recently became clinically validated for CSF), infectious cases of chronic meningitis may be particularly suited to this assay. It is well recognized that microbial nucleic acid is typically present for only a matter of days in many acute neuroinvasive infections, so the sensitivity of pathogen-specific PCR and metagenomic deep sequencing can be critically KEY POINT • The development of  novel noninvasive diagnostic  techniques, including  multiplex polymerase chain  reaction; 16s, 18s, and 28s  ribosomal RNA polymerase  chain reaction; and  metagenomic deep  sequencing, allows for  broad pathogen testing and  is an exciting scientific  frontier. TABLE 3 dependent on the timing of the CSF sample being interrogated, whereas diagnosis with direct detection methods, such as metagenomic deep sequencing in CSF from a patient with a chronic infection, will be less time sensitive. In addition, to the degree that metagenomic deep sequencing testing can be shown to be sufficiently sensitive in ongoing prospective studies, a negative CSF metagenomic deep sequencing result may enable more rapid initiation of empiric immunosuppression when a noninfectious etiology is clinically favored.
General Treatment Approaches
It is widely accepted that in presumptive acute meningitis cases, clinicians should provide rapid empiric antimicrobial treatment to avoid the significant associated morbidity and mortality, with coverage for causes of community-acquired bacterial meningitis in the general population and broader coverage in patients who are immunocompromised. This strategy differs in patients who present with more chronic symptoms. Because of the frequently indolent nature of the symptoms associated with chronic meningitis, the rarer and more diverse infectious causes, and the significant number of noninfectious etiologies, empiric treatment for chronic meningitis is not broadly recommended. Instead, it is recommended that empiric therapy be initiated on a case-by-case basis after weighing the risks and benefits associated with antimicrobial therapy and the potential for a worsening clinical course. An important point to note is that clinicians should have a low threshold to initiate empiric antimicrobial therapy in those who are neutropenic or have acquired immunodeficiency syndrome (AIDS) and in patients who are posttransplantation, given the risk for fulminant infection with significant morbidity and mortality. It should be noted that because many empiric treatment regimens for chronic meningitis include adjunctive glucocorticoids, an early therapeutic response must be interpreted with caution given the temporary clinical benefit many patients may experience from steroids alone.
INFECTIOUS ETIOLOGIES
Infectious causes of chronic meningitis include fungi, viruses, bacteria, and parasites.
Fungal Etiologies
Several fungi can cause chronic meningitis, with Cryptococcus species being the most common. Other fungal etiologies include the endemic fungi Histoplasma, Blastomyces, and Coccidioides as well as Aspergillus and Candida species. 23 This section provides an overview of the fungal infections most frequently associated with chronic meningitis and discusses implications of the fungal meningitis outbreak due to steroid injections that occurred in 2012 in the United States.
CRYPTOCOCCAL MENINGITIS. Cryptococcus remains the most common fungal etiology of chronic meningitis globally. 24 The CDC estimates that in regions with a significant burden of human immunodeficiency virus (HIV)/AIDS, cryptococcal meningitis is a major contributor to morbidity and mortality, with at least 100,000 deaths annually in sub-Saharan Africa alone. 25, 26 Other forms of immunosuppression are important risk factors for cryptococcal meningitis, including transplantation, malignancy, and idiopathic CD4+ lymphocytopenia. 27 The most common cryptococcal species causing chronic meningitis in the immunosuppressed population is Cryptococcus neoformans. C. neoformans has a global distribution and is found in contaminated soil, bird excrement, and tree bark (CASE 3-1). 23 Notably, patients who are immunocompetent are at risk of chronic meningitis due to Cryptococcus gattii, which has been identified in outbreaks in British Columbia and the Pacific Northwest. 28 Patients with HIV may have more rapid clinical deterioration than those who are not HIV infected; they are at high risk for early progression to coma and death due to elevated intracranial pressure (ICP). 29 Swift and repeated treatment to decrease ICP and targeted antifungal treatment are essential in all patients. Unfortunately, despite antifungal treatment, studies continue to show mortality rates of at least 25%. 30 The CSF in cryptococcal meningitis is characterized by a lymphocytic pleocytosis, elevated CSF protein, and low CSF to serum glucose. In patients with cryptococcal meningitis who are immunocompromised, the CSF profile may be bland with a near-normal CSF white blood cell count and protein. 31 Fungal culture is highly sensitive and can be useful for both diagnosing infection and for organism identification, although culture growth can be slow and false-negative results occur. 32 The diagnostic yield is increased when a large volume of CSF is tested, especially in cases with a low fungal burden. India ink microscopy is a low-cost technique often used in resource-limited settings, although, as with fungal culture, it can be falsely negative in cases with a low CSF fungal burden. 33 Cryptococcal antigen in the CSF is highly sensitive and specific, and it is recommended as the primary test to rapidly diagnose cryptococcal meningitis cases. 34 The cryptococcal antigen lateral flow assay is a new test that is particularly appealing in resource-limited settings as it does not require storage, is low-cost, and provides rapid results. 33 
KEY POINTS
• Because of the frequently indolent nature of the symptoms associated with chronic meningitis, the rare and diverse infectious causes, and the significant number of noninfectious etiologies, empiric treatment for chronic meningitis is not broadly recommended. Instead, it is recommended that empiric therapy be initiated on a case-by-case basis after weighing the risks and benefits associated with antimicrobial therapy and the potential for a worsening clinical course.
• Cryptococcus remains the most common fungal etiology of chronic meningitis globally.
Serum cryptococcal antigen testing should not be used to rule out cryptococcal meningitis, although serum cryptococcal antigen screening may be useful in high-risk populations as it is detectable at least a few weeks before the onset of neurologic symptoms. 35 Indeed, the World Health Organization advocates a "screen and treat" approach with oral fluconazole in HIV-infected patients with a CD4+ count lower than 100 cells/mm 3 in regions where the burden of cryptococcal antigenemia is high to preempt the development of cryptococcal meningitis independent of whether patients are symptomatic or not. 36 In this
A 20-year-old man presented with 2 months of right-sided headaches and 1 week of double vision. On examination, he was noted to have a right cranial nerve VI palsy, papilledema, and meningismus. MRI showed evidence of subtle leptomeningeal enhancement and a small extraaxial subcentimeter focus of enhancement at the interpeduncular fossa (FIGURE 
COMMENT
Cryptococcus neoformans is found in bird excrement, highlighting the importance of taking a thorough history to discover that this patient had a pet parakeet. Examination findings were consistent with increased intracranial pressure. Cryptococcal antigen in the CSF is highly sensitive and specific, and it led to the diagnosis in this patient. Serial therapeutic lumbar punctures are essential to decrease intracranial pressure, along with antifungal treatment with amphotericin B and flucytosine for induction treatment. scenario, patients who test positive for serum cryptococcal antigen should be screened for neurologic symptoms and an LP should be performed for CSF diagnostic studies. Even if an LP cannot be performed, presumptively treating these high-risk patients not just with prophylactic fluconazole but with combination antifungal therapy for cryptococcal meningitis can be considered, as one-third of asymptomatic patients with cryptococcal antigen-positive serum in a 2018 study were found to have cryptococcal meningitis, and 90% of patients whose only symptom was a headache were also found to have cryptococcal meningitis. 37 In any patient with concurrent untreated HIV infection and cryptococcal meningitis, antiretroviral therapy (ART) initiation should be delayed to minimize the risk of the potentially fatal complication of cryptococcal meningitis immune reconstitution inflammatory syndrome. Evidence for this comes from the Timing of Antiretroviral Therapy After Diagnosis of Cryptococcal Meningitis trial performed in Africa, which showed that delaying the initiation of ART for more than 4 weeks after initiation of induction cryptococcal meningitis therapy was associated with improved survival, compared with early initiation of ART at 1 to 2 weeks. 38 Treatment for those with proven cryptococcal meningitis should follow a three-step approach with induction, consolidation, and maintenance phases. For the induction phase, amphotericin B with flucytosine has been shown to decrease mortality over amphotericin B alone. While 2 weeks of therapy is traditionally recommended, access to antifungal treatment in regions with the highest burden of cryptococcal meningitis is a major challenge. A recent study in Africa identified alternative treatment regimens, with evidence that 1 week of amphotericin B with flucytosine or the all-oral regimen of 2 weeks of fluconazole with flucytosine was as effective as the standard 2-week induction treatment in resource-limited settings. 39 Consolidation therapy with fluconazole for at least 8 weeks is recommended, followed by maintenance therapy with lower-dose fluconazole for a minimum of 1 year. 40 Antifungal treatment for cryptococcal infection in patients who are HIV infected should be lifelong or until the immune system has recovered with ART to a CD4+ T-cell count of greater than 200 cells/mm 3 . 40 Adjunctive steroid use was investigated in a 2016 randomized trial, with dexamethasone not shown to impact morbidity or mortality among patients with HIV infection who have cryptococcal meningitis. In fact, patients who received adjunctive glucocorticosteroids were less likely to have a good neurologic outcome and had significantly slower rates of fungal clearance. 41 Thus, current recommendations do not advocate treatment with adjunctive steroids in cases of definitive cryptococcal meningitis, especially in those who are HIV positive. In parallel with antifungal treatment, increased intracranial pressure should be aggressively treated with daily therapeutic LPs to reduce the opening pressure by at least 50% until normalization of CSF opening pressure. A lumbar drain or ventriculostomy may be considered in select patients undergoing frequent therapeutic LPs with persistently elevated opening pressure. 42 This should be considered on a case-by-case basis given the infection risks associated with device placement. Importantly, aggressive measures to decrease ICP improve survival by up to 70%. Despite these recommendations, therapeutic LPs are underutilized, as a study in Uganda showed a strikingly low rate of therapeutic LPs performed in patients with cryptococcal meningitis. 43 Despite antifungal treatment, studies have shown long-term mortality is at least 25%. 44 HISTOPLASMOSIS. Histoplasma infections are classically associated with the epidemiologic risk factor of dwelling in or travel around the Ohio and Mississippi River valleys, although it is important that clinicians recognize that the fungus is globally distributed. 45 Indeed, in the United States, the highest rates of infection occur in the Midwestern states, with Histoplasma identified in soil, frequently associated with bird or bat droppings. [45] [46] [47] [48] While histoplasmosis infections are most commonly associated with pulmonary signs and symptoms, including pleural disease, cavitary lesions, and mediastinal involvement, CNS disease does occur, most commonly in association with disseminated infection. 45 CNS involvement is identified in up to one-fourth of disseminated cases on autopsy studies, with the immunocompromised population at highest risk. 49 Chronic meningitis most commonly presents with basal meningeal involvement and typically occurs in the context of hematogenous spread to the meninges. 48 The CSF profile parallels other fungal infections, with elevated CSF protein, low CSF to serum glucose, and a moderate lymphocytic and monocytic predominant pleocytosis. 50 In addition to a thorough neurologic examination, patients should undergo a systemic evaluation for features of disseminated infection, including hepatosplenomegaly, ocular involvement, lymphadenopathy, and pulmonary findings of cavitary lesions. 49 Multiple diagnostic modalities are often required to identify the organism in patients with chronic meningitis, as CSF culture is positive in less than 50% of cases, with significant delays being common because of slow growth. Rather than relying solely on CSF culture, all patients with suspicion of CNS histoplasmosis should have CSF antigen and antibody testing performed, which is positive in at least 50% of cases. 51 If disseminated infection is suspected, ancillary testing of the urine and serum for Histoplasma antigen should be performed, and tissue biopsy samples may be diagnostic. 52 The optimal treatment of CNS histoplasmosis is unknown, as no prospective studies have been conducted from which an evidence-based approach can be formulated. General consensus is to give amphotericin B for induction therapy for at least 3 months, with the Infectious Diseases Society of America (IDSA) recommending either fluconazole or itraconazole as possible treatment agents following induction. 53 Hydrocephalus may complicate histoplasmosis meningitis and, when present, should lead to consideration of ventricular shunt placement. Ideally, this should be delayed until the patient has received at least a few weeks of amphotericin B to reduce the likelihood of shunt colonization. 52 BLASTOMYCOSIS. Blastomyces species are found in the soil in the Southeast, South Central, and Great Lakes regions of the United States and Canada and are endemic in parts of Africa. 54 As with histoplasmosis, pulmonary symptoms are the most frequent clinical manifestation and can be severe, with risk of acute respiratory distress syndrome, particularly in patients who are immunocompromised. 55, 56 Extrapulmonary disease is frequently associated with skin, bone, and genitourinary system involvement. The skin is the most commonly affected site after the lungs, and skin involvement is a major diagnostic clue of disseminated blastomycosis infection, with pustular lesions that later crust over commonly found on the face and neck. 54 Neurologic involvement occurs in less than 10% of patients. 57 A basilar meningitis is most frequent, with poor prognosis associated with development of ventriculitis and hydrocephalus. Definitive diagnosis requires culture growth or characteristic histopathologic findings from brain biopsy or extraneural tissue biopsy. Isolation from CSF culture occurs in less than 50% of cases, with large volumes and ventricular fluid sampling increasing sensitivity. 58 Detection of Blastomyces dermatitidis antigen is a useful diagnostic assay, although cross-reactivity can occur with other fungal infections, including histoplasmosis. A 2018 case report showed the utility of CSF testing for Blastomyces antigen with a quantitative antigen enzyme immunoassay, which is now commercially available. 59 Evidence-based guidelines for treatment are limited by a lack of prospective studies. Current recommendations include treatment with amphotericin B for at least 1 month followed by an oral azole, with the IDSA treatment guidelines recommending itraconazole. Antifungal treatment should be continued until clinical stability is achieved and CSF parameters normalize. More than 1 year of therapy is typically required. 60 COCCIDIOIDOMYCOSIS. Coccidioidomycosis is caused by the fungi Coccidioides immitis and Coccidioides posadasii, both of which are endemic to warm, dry regions, including the southwestern United States, Mexico, and Central America. High-risk groups include agricultural and construction workers, who are frequently exposed to airborne spores from the soil. 61 As with other endemic fungi, pulmonary manifestations are the most common clinical presentation and are most frequently seen as a community-acquired pneumonia. 62 Disseminated disease occurs in a small minority of patients (an estimated 1%) and most commonly involves the skin, subcutaneous tissues, musculoskeletal system, and the meninges, with higher risks of severe or disseminated coccidioidomycosis in women who are pregnant and patients who are elderly, immunocompromised, or of Filipino and African American ethnicity. 61 Coccidioidal meningitis is most commonly associated with disseminated disease and is usually a granulomatous infection involving the basilar cistern. Meningitis can be associated with brain abscesses and a vasculitis causing ischemic strokes and hemorrhage. [63] [64] [65] A unique feature of the CSF in CNS coccidioidomycosis is the presence of eosinophils, although these are not present in all cases. 66 Fungal culture and visualization of spores in the CSF or biopsy specimens confirm the diagnosis, although prior studies have shown positive results in less than 30% of cases. Clinicians often rely on serologic testing for anticoccidioidal IgM and IgG antibodies because of the limitations of culture and histopathology. Several methods are available for serology testing, including via complement fixation and enzyme immunoassay, although it is notable that false-negative and false-positive results are seen, depending on technique. 67 The overall sensitivity of antibody testing is approximately 70%. 68, 69 Therefore, the authors recommend that in all patients with a suspicion of coccidioidomycosis meningitis, CSF antibody and antigen testing should be sent in addition to traditional testing. A urine and serum antigen test can aid in diagnosing coccidioidomycosis and should be sent on patients suspected of having disseminated disease. 70 Up to 40% of patients develop hydrocephalus, and the authors recommend aggressive management, including daily LPs or consideration of shunt if hydrocephalus is refractory to multiple therapeutic LPs. 71 The disease is recurrent and fatal without lifelong treatment; thus, IDSA guidelines recommend lifelong azole treatment. 72 ASPERGILLOSIS. Aspergillosis is an opportunistic fungal infection with global distribution that is acquired through inhalation of spores. Disseminated disease occurs in patients who are immunocompromised, most notably in transplant recipients. 73 Aspergillosis is angioinvasive, and neurologic manifestations most frequently involve a CNS vasculitis of small and medium-sized arteries. 74, 75 Meningeal involvement is a less common complication and, when present, is typically associated with vasculitis and brain abscesses. 75, 76 Invasive CNS aspergillosis involving the meninges may also result from direct invasion from adjacent sinonasal structures, although this occurs much more rarely than hematogenous spread (CASE 3-2). For diagnosis, CSF culture is rarely positive. 77 Aspergillus PCR is a promising technique that has high sensitivity and specificity in serum. 78 In a recent small study, CSF Aspergillus PCR was 75% sensitive, although larger studies are needed to establish the utility of CSF PCR for diagnosis of CNS aspergillosis. 79, 80 Elevated CSF galactomannan has been shown to have a sensitivity of over 80% and is recommended in patients for whom a strong clinical suspicion exists. 79, 80 CSF (1,3) -b-D-glucan, which is a cell wall component of several fungal species, is also recommended as an adjunctive test, although it is not specific for aspergillosis (refer to the section on the 2012-2013 US fungal meningitis outbreak). 81 Brain biopsy is often needed to provide microbiological culture and histologic information; it has particularly high yield when a brain abscess is present. Invasive infections are fatal without early diagnosis and aggressive treatment. 82 It is recommended that clinicians prescribe voriconazole for treatment of invasive aspergillosis in the CNS. 78 Results of a 2014 clinical trial indicate that combination therapy with voriconazole and echinocandins may be the most effective antifungal treatment, although future studies are needed to define the role of combination antifungal treatment. 83 CNS involvement is associated with a very high mortality rate of up to 50%, despite antifungal treatment. 82 CANDIDIASIS. Candida is a natural fungal species in the mouth, gastrointestinal system, and urinary tract. Invasive candidiasis can occur in patients with recent surgical instrumentation, IV drug users, and patients who are immunocompromised, including transplant recipients, patients with HIV/AIDS, infants born prematurely, and those who are neutropenic or have poorly controlled diabetes mellitus. 84 CNS involvement almost always occurs in patients with disseminated candidiasis and is seen in the high-risk groups mentioned, particularly premature infants and patients who have had neurosurgery. For neonates and other high-risk patients who have evidence of candiduria or candidemia, an LP and dilated retinal examination should be performed to evaluate for neurologic and eye involvement, including signs of vitritis and chorioretinitis. 85, 86 Meningoencephalitis is the most common clinical manifestation of neurocandidiasis, and it can present acutely or chronically. 84 Unlike other fungal infections, the CSF glucose and white blood cell count may be normal. CSF cultures are more frequently positive in patients with acute meningitis, and the organism is identified in at least 70% of cases, although culture yield is much lower in those with chronic meningitis. 87 CSF (1,3) -b-Dglucan is a useful adjunct test that should be sent on patients with high clinical suspicion for CNS Candida infection, although, as mentioned, it is a nonspecific fungal marker. 88 Mortality is high in patients with CNS involvement, with some studies showing greater than 80% risk of death. All patients with CNS involvement should receive induction therapy with IV amphotericin B in combination with flucytosine given the high risk of antimicrobial resistance developing in the setting of monotherapy. 86 The authors recommend that longterm therapy only be discontinued when complete resolution of clinical, CSF, and radiographic abnormalities is seen. 86 
2012-2013 US FUNGAL MENINGITIS OUTBREAK ASSOCIATED WITH STEROID INJECTIONS.
The 2012-2013 US fungal meningitis outbreak, which affected 751 patients and led to 64 deaths, was due to contaminated lots of methylprednisolone acetate used for epidural steroid injections. 89 Early in the outbreak, patients were noted to have prolonged meningitic symptoms before diagnosis, and several patients had complications, including ischemic and hemorrhagic strokes. 90 Not only did patients have CNS manifestations of meningitis, but some also developed spinal and paraspinal infections at the injection sites. 91, 92 The pathogen associated with the first reported case was identified as an Aspergillus species, although later cases were associated with the fungus Exserohilum rostratum, which is an environmental mold. Molecular diagnostic studies, including deep sequencing and PCR, were used early in the outbreak and served as important platforms to identify this unique pathogen, which had not CASE 3-2 A 29-year-old man presented with reduced vision in the right eye, an ipsilateral relative afferent pupillary defect, and near-complete ophthalmoplegia. He had been in excellent health until 1 year before presentation, when he developed persistent right facial paresthesia and difficulty seeing from his right eye. He did not seek medical attention at the time, and the symptoms continued. Six months later, he developed chronic frontal predominant headaches, nausea, and generalized fatigue. The patient was originally from Egypt but moved to the United States 1 year ago.
On examination, he had loss of sensation in the right cornea, upper eyelid, and forehead and proptosis on the right side. He was also noted to have weakness of his left arm and leg. MRI showed a right temporal process with edema, mass effect, and contrast enhancement, also involving the right cavernous sinus and originating in the right nasal cavity (FIGURE 3-4) . The patient underwent endonasal biopsy, with pathology consistent with granulomatous infection secondary to Aspergillus. He was treated with voriconazole followed by partial resection and debridement. He had serial neuroimaging that showed interval resolution of intracranial spread.
COMMENT
Sino-orbital-cerebral aspergillosis more commonly occurs in immunocompetent hosts and presents in a subacute or chronic manner. Contiguous spread can occur from granulomatous lesions in the paranasal sinuses leading to the development of granulomatous disease, typically in the frontal and temporal lobe, as in this case. Voriconazole is the treatment of choice.
been previously described to cause CNS disease in humans. 91 Another diagnostic assay that was evaluated during the outbreak was CSF (1,3)-b-D-glucan. Elevated levels of CSF (1,3)-b-D-glucan were an important diagnostic aid, and serial CSF (1,3)-b-D-glucan levels correlated with CNS disease outcome during the outbreak. 93, 94 CSF (1,3)-b-D-glucan is now routinely used in cases of suspected fungal meningitis, except for meningitis caused by cryptococcal species. [93] [94] [95] The CDC provided rapid guidance for management during the outbreak, although, given this new clinical entity, the optimal type and duration of antifungal treatment was unknown. Indeed, relapses of fungal meningitis have been identified, prompting reevaluation of treatment recommendations made during the outbreak. 96 Thus, the US fungal meningitis outbreak had important implications with respect to medication administration safety as well as for the evaluation and treatment of emerging fungal meningitis cases.
Viral Etiologies
Several viral etiologies of chronic or recurrent meningitis and meningoencephalitis can occur, mostly in immunodeficient patients, including primary HIV infection, cytomegalovirus, herpes simplex virus type 1 (HSV-1) and type 2 (HSV-2), polyomaviruses, enteroviruses, lymphocytic choriomeningitis virus, and mumps virus. 97 In addition, metagenomic deep sequencing has identified a number of unusual causes of chronic viral meningoencephalitis, including Cache Valley virus, arenaviruses, astrovirus, and a breeder-associated infection with a novel variegated squirrel Bornavirus. [16] [17] [18] [19] [20] [21] [22] A few viral etiologies of chronic meningitis are highlighted here, and epidemiologic and clinical factors associated with these infections are discussed.
PRIMARY HUMAN IMMUNODEFICIENCY VIRUS INFECTION. Both primary and secondary neurologic manifestations of HIV infection remain significant contributors to morbidity and mortality among patients infected with the virus worldwide. Most chronic meningitis cases in individuals with HIV infection occur in the context of opportunistic infections, such as tuberculous meningitis and cryptococcal meningitis. Chronic meningitis as a manifestation of primary HIV infection, although rare, has most frequently been described around the time of seroconversion. 98 HIV is known to invade the CNS very early in infection, within the first few weeks. Indeed, during HIV seroconversion, an aseptic meningitis has been identified in up to 20% of patients. [99] [100] [101] Typically, CSF shows a mild to moderate lymphocytic pleocytosis, normal glucose, normal or mildly elevated protein, and elevated HIV viral load. 101 It is important to rule out concurrent opportunistic infections that can also cause chronic meningitis. Current evidence supports the early initiation of ART in the context of acute HIV infection, although this has not been evaluated specifically in patients with CNS manifestations around the time of seroconversion.
102
HERPES SIMPLEX VIRUS TYPE 2. HSV-2 is a common cause of acute, chronic, and recurrent meningitis. Primary infection with HSV-2 occurs via two mechanisms. In adults, the infection is sexually transmitted, while in infants, exposure occurs through maternal-fetal vertical transmission. Herpesviruses have a high seroprevalence in the general population, and thus a risk exists across the general population for reactivation of latent infection. 103 The most common manifestation of HSV-2 is genital lesions, which, notably, may not be present in patients who present with neurologic manifestations. 104 It is therefore important for clinicians to elicit any remote history of genital lesions. HSV-2 meningitis may occur during primary infection or reactivation, as the virus remains latent in the dorsal root ganglia after initial exposure. 105 Patients who are immunocompromised have been noted to have more fulminant and severe CNS manifestations. The basic CSF profile is consistent with an aseptic meningitis. CSF HSV-2 PCR is a useful diagnostic marker as it is highly sensitive and specific. 104, 106 A 2015 study showed that patients who are immunosuppressed who develop HSV-2 meningitis may benefit from antiviral treatment for at least 1 week. 107 Evidence suggests that treatment may not impact outcome in patients who are immunocompetent, although this is predominantly based on small retrospective studies. In one randomized controlled treatment trial, suppressive treatment with valacyclovir showed no effect on the risk of recurrent meningitis, although, notably, the dosage used was lower than some would advocate. 108 LYMPHOCYTIC CHORIOMENINGITIS VIRUS. Lymphocytic choriomeningitis virus is found locally in the United States and throughout the world and is associated with rodent exposure. House mice are the most common associated vector, and chronic meningitis associated with lymphocytic choriomeningitis virus is associated with an increased risk of indoor exposure to these rodents. Three modes of transmission are known, including direct infection from rodents, via transplanted organs, and by maternal-fetal vertical transmission. Clinically, patients with chronic meningitis typically have a preceding flulike illness a few weeks before the onset of neurologic symptoms. Laboratory clues during this period include an associated leukopenia and thrombocytopenia. 109 Unlike other viral causes of meningitis, the CSF characteristically shows a marked lymphocytic pleocytosis, which is commonly greater than 1000 cells/mm 3 , and a low CSF to serum glucose. 110 Lymphocytic choriomeningitis virus can be confirmed by culture, although culture is only positive for the first few weeks of infection and is typically negative in patients who present with chronic meningitis. Thus, clinicians often rely on complement fixation or neutralizing antibodies for diagnosis, which are typically positive a few weeks after initial infection and remain positive for a prolonged period. 109 No antiviral treatment exists for lymphocytic choriomeningitis virus-associated chronic meningitis, and infection typically resolves with symptomatic management.
Bacterial Etiologies
Although bacteria are most commonly associated with acute meningitis, several bacteria species can lead to a more indolent clinical course. Both Treponema pallidum and Mycobacterium tuberculosis are important etiologies of chronic meningitis. For more information on T. pallidum, refer to the article "Neuroborreliosis and Neurosyphilis" by John J. Halperin, MD, FAAN, FIDSA, 111 in this issue of Continuum, and for more information on M. tuberculosis, refer to the article "Tuberculosis of the Central Nervous System" by Joseph R. Zunt, MD, MPH, 112 in this issue of Continuum. Tick-borne organisms, including Ehrlichia, Babesia, and Anaplasma species, constitute an important group of bacteria that can cause chronic meningitis. Other bacterial organisms in the differential include Nocardia, Leptospira, and Brucella species and Listeria monocytogenes.
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Leptospirosis and brucellosis are highlighted in this section.
LEPTOSPIROSIS. Leptospirosis is caused by a spirochete transmitted via the urine or excrement of an infected animal and is most commonly seen in tropical and subtropical regions. Outbreaks have been identified in Southeast Asia, the Caribbean, and South America, with populations particularly susceptible during periods of heavy rains, including monsoons and hurricanes, when water supplies can be easily contaminated. 113 Outbreaks have occurred in the United States as well, including in a group of people who swam in a contaminated lake during a triathlon in southern Illinois. Acutely, patients may present with a flulike illness, uveitis, and thrombocytopenia (ie, Weil syndrome), with neurologic manifestations, including meningitic symptoms, typically occurring later during the chronic phase.
114 Neurologic manifestations are rare, although likely underreported as diagnosis at the time when neurologic symptoms typically develop is a major challenge. 115 A 2014 study highlighted the utility of unbiased metagenomic deep sequencing in diagnosing an immunosuppressed patient with neuroleptospirosis who had negative diagnostic testing by conventional methods. 16 Although leptospirosis has been classically treated with penicillin, doxycycline, or a cephalosporin, evidence to support or refute antibiotic choice in severe disease is lacking. 116 
KEY POINTS
• CSF (1,3)-β-D-glucan was evaluated as a diagnostic assay in the US fungal meningitis outbreak associated with steroid injections. Elevated levels of CSF (1,3) -β-D-glucan were an important diagnostic aid during the outbreak, and serial CSF (1,3) -β-D-glucan levels correlated with CNS disease outcome. CSF (1,3) -β-D-glucan is now routinely used in cases of suspected fungal meningitis, except for meningitis caused by cryptococcal species.
• The US fungal meningitis outbreak had important implications with respect to medication administration safety as well as the evaluation and treatment of emerging fungal meningitis cases.
• Several viral etiologies of chronic meningitis and meningoencephalitis exist, including primary human immunodeficiency virus type 1 infection, cytomegalovirus, herpes simplex virus type 1 and type 2, polyomaviruses, enteroviruses, lymphocytic choriomeningitis virus, and mumps virus. In addition, metagenomic deep sequencing has identified a number of unusual causes of chronic viral meningoencephalitis in patients who are immunocompromised.
BRUCELLOSIS. Brucellosis is found worldwide, with populations at significant risk in the Mediterranean, Middle East, Central America, and South America. Brucella can be transmitted through consumption of undercooked meat or unpasteurized dairy products, via inhalation, or via direct entry through skin wounds or mucous membranes. Hunters and individuals who raise livestock are at significantly high risk of exposure. During the acute phase of illness, the classic clinical presentation includes fluctuating fevers, migratory arthralgia, and excessive sweating. Systemic involvement is most common and includes the musculoskeletal system (including severe back pain due to spondylitis), hepatic system, and genitourinary system. Neurobrucellosis is much rarer and thought to occur in less than 5% of cases, although it is likely underreported. Making a definitive diagnosis is challenging. The most frequent neurologic manifestations are an isolated meningitis or meningoencephalitis, which may present acutely or chronically. Most cases with neurologic involvement are diagnosed by serologic markers as culture is low yield. 117 As with neuroleptosporosis, metagenomic deep sequencing was able to diagnose neurobrucellosis in a particularly challenging case. 20 The definitive treatment for neurobrucellosis is unknown, so treatment is extrapolated from data on treatment for systemic brucellosis infection. Typically, treatment involves ceftriaxone or doxycycline and rifampicin in combination for at least 2 months, but extended courses are recommended if clinical, CSF, or radiographic resolution is delayed. 118 
Parasitic Etiologies
Parasitic etiologies are important to consider in patients with a pertinent epidemiologic history, including individuals who have lived in or traveled to tropical and subtropical regions. Parasitic infections are rare causes of chronic meningitis, but they are important to include in the differential diagnosis. Organisms to consider include Echinococcus, Strongyloides, Acanthamoeba, Angiostrongylus, Taenia solium, Baylisascaris, and Toxoplasma species. 97 RECURRENT MENINGITIS Recurrent meningitis is defined by at least two episodes of meningitis with associated CSF pleocytosis with no symptoms between episodes.
119 Recurrent meningitis was first described in the 1940s by physician-scientist Pierre Mollaret, who noted a handful of cases of recurrent acute aseptic meningitis with CSF showing evidence of lymphocytic and mononuclear pleocytosis. This was later attributed to HSV-2 infection. [120] [121] [122] The condition was later named Mollaret meningitis after him and the "Mollaret cells" he identified, although it is now known that many of the infectious and noninfectious etiologies of chronic meningitis can occur in a fluctuating pattern consistent with a recurrent meningitis. While triggers for recurrent viral meningitis are unclear, significant risk factors should be investigated in those who present with recurrent bacterial meningitis, including host factors such as anatomic defects that provide a nidus for bacterial CNS invasion (eg, skull-base defects, neural tube defects) and acquired and congenital immunodeficiencies that predispose individuals to recurrent ear, nose, and throat infections. Likewise, recurrent meningitis due to fungi or parasites should trigger an investigation for an underlying immunocompromised state or ongoing environmental exposures. This should go beyond testing for HIV and should include evaluation of T-cell and B-cell profiles, complement levels, IgG subclass quantification, and screening for rheumatologic conditions. Recently an association between acute meningoencephalitis infection and positive paraneoplastic antibodies in recurrent meningitis cases was identified, although further studies are required to determine the significance of autoimmune antibodies in recurrent meningitis.
NONINFECTIOUS ETIOLOGIES
A number of noninfectious causes exist for chronic meningitis, including chemical, autoimmune, inflammatory, or vasculitic etiologies.
Chemical Etiologies
The main categories of medications associated with chronic meningitis are nonsteroidal anti-inflammatory medications (most commonly ibuprofen), IVIg, antimicrobial medications (trimethoprim/sulfamethoxazole), immunosuppressant medications, chemotherapy agents, and anticonvulsants (lamotrigine and carbamazepine). The underlying pathogenesis of drug-induced meningitis is not entirely known, but it is thought to be due to meningeal irritation or an immune-mediated hypersensitivity reaction. 123 Patients who develop drug-induced meningitis most commonly have symptom onset soon after drug exposure, with rapid recovery after medication discontinuation. Other causes of chemical meningitis include benign brain masses, neurosurgical procedures, and subarachnoid hemorrhage. 97 It is important to note that if a dermoid cyst is suspected, neuroimaging evaluation during a quiescent period may be higher yield as the cyst may be decreased in volume and harder to visualize during the symptomatic period.
Autoimmune, Inflammatory, and Vasculitic Etiologies Several autoimmune and inflammatory conditions that mimic an infectious process can lead to chronic meningitis. These cases are particularly challenging to clinicians as patients are often on chronic immunosuppressant medications for treatment of their underlying immune-mediated condition, placing them at risk for serious CNS infections. Some autoimmune conditions have a predilection for the leptomeninges or pachymeninges, or both, and have systemic pathognomonic features, which should alert the neurologist evaluating such cases (TABLE 3-1). Autoimmune and inflammatory causes of chronic meningitis include systemic lupus erythematosus, rheumatoid arthritis, Sjögren syndrome, neurosarcoidosis, Behçet syndrome, IgG4-related diseases, Cogan syndrome, Vogt-Koyanagi-Harada syndrome, primary CNS vasculitis, and other autoimmune etiologies of vasculitis. Neurosarcoidosis, IgG4-related diseases, and Vogt-Koyanagi-Harada syndrome are highlighted in this section.
NEUROSARCOIDOSIS. Sarcoidosis is an inflammatory disorder involving multiple organ systems characterized by non-necrotizing granulomas; the majority of cases have pulmonary involvement. 124 Clinical manifestations typically occur in middle age, although neurologic involvement can occur at any stage of the disease and may present years after initial systemic symptoms. Neurologic complications occur in up to 10% of patients and may be the presenting symptom in a significant number of patients. 125 Leptomeningeal involvement is most frequent in patients presenting with clinical features of chronic meningitis and may be associated with other neurologic manifestations, including cranial nerve palsies and pituitary involvement. 126 Definitive diagnosis is made by • Herpes simplex virus type 2 is a common cause of acute, chronic, and recurrent meningitis.
• Although bacteria are most commonly associated with acute meningitis, several bacteria species can lead to a more indolent clinical course. Both Treponema pallidum and Mycobacterium tuberculosis are important etiologies of chronic meningitis.
• Tick-borne organisms, including Ehrlichia, Babesia, and Anaplasma species, constitute an important group of bacteria that can cause chronic meningitis. Other bacterial organisms in the differential include Nocardia, Leptospira, Brucella species, and Listeria monocytogenes.
histopathologic features, although ancillary CSF and serum evaluations are important. CSF typically shows a mononuclear pleocytosis, elevated protein, and, in some cases, low CSF to serum glucose. CSF angiotensin-converting enzyme should be tested as it is a specific marker for sarcoidosis, although it lacks sensitivity and is positive in less than 40% of cases. 127, 128 Additional recommendations for systemic workup include whole-body imaging, including consideration of fludeoxyglucose positron emission tomography (FDG-PET) or gallium scan, laboratory tests to evaluate for liver function abnormalities and hypercalcemia, and ophthalmologic evaluation. 129, 130 Steroids are the first-line treatment, although patients with CNS manifestations often require additional immunomodulatory treatment, including tumor necrosis factor-a antagonists such as infliximab.
131
IgG4-RELATED PACHYMENINGITIS. IgG4-related diseases involve multiorgan sclerosis and are defined by pathognomonic histopathologic features, including whorls of fibrosing lesions, lymphoplasmacytic infiltration of IgG4-positive plasma cells, and obliteration of vessels. 132 As a multiorgan disorder, IgG4-related disease often involves the pancreas, bile ducts, and salivary and lacrimal glands. A distinguishing epidemiologic feature of IgG4-related disease is that it most commonly affects older males, which differs from many other inflammatory causes of chronic meningitis. 133 Neurologic manifestations occur in less than 10% of cases and typically occur along with systemic manifestations. The most common neurologic manifestations include a pachymeningitis and pituitary gland involvement. 134 IgG4-related hypertrophic pachymeningitis is diagnosed definitively by biopsy findings showing evidence of IgG4-positive plasma cells along with the pathognomic features described. 132 Leptomeningeal involvement has also been reported but is rarer than IgG4 infiltration of the dura mater. 135 Patients most commonly present with headache and multiple cranial neuropathies from mechanical compression. 134 All patients should have their serum IgG4 level checked, which is elevated in multisystem disease, although if CNS disease occurs in isolation, the serum level may be normal. 136 The CSF IgG4 level should also be checked and is elevated in some patients with pachymeningeal disease. 137 No evidence-based approach to management has been established, although the general consensus is to initiate high-dose steroids followed by a prolonged steroid taper, which is extrapolated from management of autoimmune pancreatitis associated with IgG4-related disease.
138 Rituximab may be considered in patients with recurrence and lack of clinical improvement with steroids, although evidence is lacking on the benefit of steroid-sparing agents in CNS disease. 139 VOGT-KOYANAGI-HARADA SYNDROME. Vogt-Koyanagi-Harada syndrome is one of several syndromes known to involve the ocular system and meninges (CASE 3-3). In addition to Vogt-Koyanagi-Harada syndrome, infectious etiologies (eg, catscratch disease, syphilis, Lyme disease, toxoplasmosis), inflammatory conditions (eg, neurosarcoidosis, Behçet syndrome), lymphoma, and paraneoplastic syndromes should be considered in the differential diagnosis of entities that affect the uvea and meninges. 140 Vogt-Koyanagi-Harada syndrome has four distinct clinical phases and is defined by a uveitis associated with serous retinal detachments, disc edema, and vitritis. 141 Meningitic symptoms are most typical in the prodromal phase before ocular symptoms or signs occur and • The main categories of medications associated with chronic meningitis include nonsteroidal anti-inflammatory medications, IVIg, antimicrobial medications, immunosuppressant medications, chemotherapy agents, and anticonvulsants.
• Several autoimmune and inflammatory conditions that mimic an infectious process can lead to a chronic meningitis. These cases are particularly challenging to clinicians as patients are often on chronic immunosuppressant medications for treatment of their underlying immune-mediated condition, placing them at risk for serious central nervous system infections.
• The most common neurologic manifestations of IgG4-related disease include a pachymeningitis or pituitary gland involvement.
• Vogt-Koyanagi-Harada syndrome is one of several syndromes known to involve the ocular system and meninges.
are associated with a lymphocytic CSF pleocytosis. 142 Other associated symptoms that should be reviewed in all patients with suspicion of Vogt-Koyanagi-Harada syndrome include hearing abnormalities and vertiginous symptoms. Following the neurologic symptoms, patients develop blurring of their vision, often acutely, with an associated granulomatous uveitis in most patients. Later, patients have loss of retinal pigment and ocular scarring. Fluorescein angiography and optical coherence tomography can be particularly useful in these cases. Because of the delay in onset of ophthalmic findings, patients presenting with primary neurologic manifestations, including chronic meningitis, are often misdiagnosed or have a significant delay before receiving a definitive diagnosis, at which time ocular findings are typically irreversible. 141 Thus, clinicians must evaluate the ocular system in all patients presenting with subacute or chronic meningitis and consider early referral to an ophthalmologist CASE 3-3
A 19-year-old man presented to the hospital with 1 month of diffuse holocephalic headaches, meningismus, nausea, vomiting, and fever up to 39°C (103°F). Initial imaging showed evidence of leptomeningeal enhancement. Lumbar puncture results showed a mild lymphocytic pleocytosis, mildly elevated protein, and normal CSF to serum glucose ratio. CSF Gram stain and cultures were negative. One week after initial presentation, he experienced the progressive onset of blurry vision over 3 days. Ophthalmologic examination revealed dense vitritis, optic disc edema with hemorrhages, serous retinal detachment, and granular retinal lesions, worse in the left eye, leading to the overall clinical diagnosis of panuveitis with vasculitis (FIGURE [3] [4] [5] . He was diagnosed with Vogt-KoyanagiHarada syndrome based on ocular and neurologic symptoms and treated with steroids with clinical improvement.
COMMENT
Vogt-Koyanagi-Harada syndrome is one of several syndromes known to involve the uvea, retina, and meninges. It is a T-cell-mediated autoimmune disease that causes a number of cutaneous, ocular, and neurologic symptoms. Neurologic symptoms are usually limited to meningismus, with imaging consistent with leptomeningeal disease. This precedes a bilateral panuveitis that can develop into chronic uveitis and severe visual deterioration if not promptly treated. or neuro-ophthalmologist for a dilated funduscopic examination. Current treatment recommendations include a prolonged course of steroids for at least 6 months, although the optimal dosing is not evidence based. 143 Patients are often placed on long-term steroid-sparing immunosuppressant medications to prevent recurrences. 141 
Carcinomatous Meningitis
While a detailed discussion of the clinical presentation and management of carcinomatous meningitis is beyond the scope of this article, it is important to mention that metastatic spread of certain solid and hematologic malignancies to the leptomeninges and pachymeninges are important considerations when evaluating a patient with chronic meningitis. Breast cancer, lung cancer, melanoma, lymphoma, and leukemia are the neoplasms that most commonly spread to the meninges. 144 The basic CSF profile may mimic an infectious process, with elevated CSF white blood cell count, low CSF to serum glucose, and elevated protein. Thus, specific studies to evaluate for possible carcinomatous infiltration of the meninges should be considered, including cytology, flow cytometry, and meningeal biopsy. As with some infectious and autoimmune causes of chronic meningitis, empiric use of adjunctive glucocorticoids can delay and mask the diagnosis of a neoplastic meningitis, particularly lymphoma.
CONCLUSION
Chronic meningitis remains a significant diagnostic and therapeutic challenge, and despite extensive testing, over one-third of cases remain undiagnosed. Often, serial serologic, CSF, and neuroimaging studies are indicated, although novel diagnostic platforms including metagenomic deep sequencing may hold promise for identifying organisms in these challenging cases. Infectious etiologies are more common in those at risk for disseminated disease, specifically those who are immunocompromised because of HIV/AIDS, transplant recipients, and those on immunosuppressant medications. Noninfectious etiologies, including autoimmune and neoplastic etiologies, should also be considered based on history and examination. Future research is needed to develop more rapid point-of-care testing, assess the clinical utility and impact of novel diagnostic platforms, and evaluate and optimize antimicrobial treatment regimens in chronic meningitis.
